liver, skeletal muscle, and brain via secreted soluble protein hormones (also called as adipokines) (11, 12) . Chemerin is a novel adipokine that regulates adipogenesis and adipocyte metabolism (13) . Chemerin has been shown to be associated with obesity, metabolic syndrome, hypertension, CAD, CAD severity, and ACS (12, (14) (15) (16) (17) .
Galectin-3 is a member of soluble ß-galactoside-binding lectins, encoded on a single gene, found on chromosome 14, LGALS3 (lectin, galactose-binding soluble 3), secreted by macrophages, monocytes, and epithelial cells, and it has regulatory effects on inflammation, fibrogenesis, immunity, tissue repair, and cell proliferation (18) (19) (20) . Elevated levels of soluble galectin-3 have been shown to be associated with increased risk of mortality, cardiovascular mortality, and heart failure (21) .
In AMI, high-dose potent statin therapy is associated with reduced morbidity and mortality, and current guidelines recommend high-dose potent statin therapy in patients with AMI (22) . To the best of our knowledge, there are no data in literature evaluating and comparing the effects of high-dose statins, atorvastatin 80 mg and rosuvastatin 40 mg, on the levels of endocan, chemerin, and galectin-3. In this study, we aimed to compare the effects of atorvastatin 80 mg and rosuvastatin 40 mg on the lipid profiles and the levels of endocan, chemerin, and galectin-3 in patients with AMI.
Methods

Patient population
We designed and conducted a study to investigate and compare the effects of atorvastatin 80 mg and rosuvastatin 40 mg on the lipid profiles and the levels of endocan, chemerin, and galectin-3 in patients with AMI who underwent revascularization as a substudy of a previous article investigating the effects of atorvastatin 80 mg and rosuvastatin 40 mg on the plasma PCSK-9 levels in patients with AMI who underwent revascularization (23) . A total of 106 patients hospitalized in the coronary intensive care unit of Selçuk University Faculty of Medicine Department of Cardiology between January 2015 and December 2016 with STEMI and Non-ST-elevation myocardial infarction (NSTEMI) and eligible for our study were enrolled (23) . All patients provided written informed consent. Protocol of this study was approved by the Local Institutional Ethics Committee. In the protocol of this study, the measurements of endocan, chemerin, and galectin-3 were not pre-specified. However, it was pre-specified to include measurements of newer markers of inflammation, endothelial dysfunction, and atherosclerosis that were not well known when the protocol was finished. On this basis, we initiated the present substudy of our main article that compares the effects of atorvastatin 80 mg and rosuvastatin 40 mg on the levels of plasma PCSK-9. The present substudy comprised 63 consecutively included patients to examine and compare the effects of atorvastatin 80 mg and rosuvastatin 40 mg on plasma levels of endocan, chemerin, and galectin-3. Of the 106 patients enrolled in this study, 63 (59%) subjects had a baseline plasma specimen available for the measurement of endocan, chemerin, and galectin-3.
STEMI is a clinical syndrome defined by typical symptoms of myocardial ischemia lasting at least 30 minutes or more with persistent electrocardiographic ST elevation and subsequent release of myocardial necrosis biomarkers. The ST elevation was defined as a new ST elevation at the J point in at least 2 contiguous leads ≥2 mm (0.2 mV) in men or ≥1.5 mm (0.15 mV) in women in leads V2-V3 and/or ≥1 mm (0.1 mV) in other contiguous chest leads or the limb leads (24) . NSTEMI was defined according to the current guideline for the management of patients with non-ST-elevation ACS (25) .
Eligibility criteria were as follows: age >18 years and lowdensity lipoprotein-cholesterol (LDL-C) >100 mg/dl, and myocardial infarction prior 12 h. Patients with cardiogenic shock; serum creatinine >2.5 mg per deciliter; current statin, fibrate, or other antilipid drug users; body mass index (BMI) >30; chronic muscle disease; contraindication to statin therapy or an unexplained creatine kinase elevation to 2.5-fold to upper normal limits; active infection or sepsis; blood transfusion within 3 months; chronic inflammatory and rheumatic diseases; malignancy; and the presence of obstructive hepatobiliary disease and cirrhosis were excluded from the study.
After revascularization therapy, patients were randomly assigned to receive atorvastatin (80 mg/day) or rosuvastatin (40 mg/day). In addition to statin therapy, acetyl salicylic acid, clopidogrel, or ticagrelor/prasugrel were prescribed in all patients. Same lifestyle changes and exercise recommendations were given for all patients before discharge.
Fasting blood samples were taken before the randomization within 24 hours and at the end of the 4-week period of the therapy by a cubital venipuncture avoiding venous stasis to an evacuated serum separator tube. The samples were centrifuged at 1500× g for 15 minutes within 1 hour after collection. After centrifugation, serum samples were transferred to Eppendorf tubes and stored at −80 °C until the assay. The levels of total cholesterol (TC), trygliyceride (TG), and high-density lipoprotein cholesterol (HDL-C) were measured by chemistry autoanalyzer (ARCHITECT c16000, Abbott Diagnostics, USA) via enzymatic colorimetric methods. Levels of LDL-C were calculated by using the Friedewald formula. 
Statistical analysis
Statistical analyses were performed using the SPSS for Mac version 20.0 (SPSS Inc., Chicago, Illinois, USA). Distribu-tion of continuous variables was tested using the Kolmogorov-Smirnov test. Continuous variables with normal distribution were compared using Student's t-test, and those without normal distribution were compared using the Mann-Whitney's U test. The chi-squared test was used for comparing categorical variables. Continuous variables were defined as means±standard deviation or median (interquartile range), and categorical variables were given as percentages. Baseline characteristics, as well as post-treatment changes, were compared within groups by using a paired-sample t-test or Wilcoxon signed-ranks test. Also, baseline characteristics, as well as post-treatment changes, were compared between groups by using repeated measures analysis of variance (ANOVA). Because of changes between the baseline and post-treatment in nonparametric variables cannot be studied between groups using the Wilcoxon signed-ranks test, nonparametric variables were analyzed by repeated measures ANOVA after log10 transformation. A p-value <0.05 was considered to be statistically significant for all tests.
Results
The baseline clinical characteristics of the groups are presented in Table 1 , and there were no significant differences between the two groups except TC, TG, and blood urea nitrogen (BUN) levels. The groups were also comparable regarding baseline lipid profiles, oxidized-LDL, and hematological parameters. There were no significant differences between the two groups among the baseline levels of endocan, chemerin, and galectin-3 ( Table 1 ). Types of stents (bare metal stent or drug eluting stent) and the number of revascularized vessels were also comparable among the two treatment groups (Table 1) .
At the end of 1-month therapy, the alanine aminotransferase (ALT), aspartate aminotransferase (AST), and creatin kinase (CK) levels of one patient in the atorvastatin 80 group, increased to three-fold to upper normal limits. Statin treatment of this patient was discontinued for 2 weeks, and after the normalization of liver enzymes and CK levels, statin treatment was continued again with atorvastatin 10 mg.
Lipid parameters
The value of the serum levels of TC (from 181.64±35.42 mg/ dL to 138.36±34.08 mg/dL in the atorvastatin group, p<0.001, and from 206.33±36.00 mg/dL to 143.27±39.95 mg/dL in the rosuvastatin group, p<0.001, respectively), LDL-C (from 120.08±27.68 mg/dL to 72.22±25.09 mg/dL in the atorvastatin group, p<0.001, and from 131.69±24.61 mg/dL to 69.06±26.62 mg/dL in the rosuvastatin group, p<0.001, respectively) were significantly reduced within atorvastatin and rosuvastatin groups ( Table 2) . TG levels decreased within both groups, but this decrease was not statistically significant [from 116.00 (87.00-182.00) mg/dL to 110.00 (89.00-154.00) mg/dL in the atorvastatin group; p=0.532, and from 154.50 (125.75-215.75) mg/dL to 135.00 (91.00-182.50) mg/dL in the rosuvastatin group, p=0.052, respectively] ( Table  2) . HDL-C levels were slightly elevated in both groups, but this elevation was not statistically significant. Oxidized-LDL levels showed a significant reduction in both groups (p<0.001). The ratio of TC/HDL-C also showed remarkable reduction in both groups (p<0.001), (Table 2 ).
There were no statistically significant differences between both treatment arms among the results of lipid parameters at the end of 1-month therapy except LDL-C levels. Rosuvastatin 40 mg was more effective than the atorvastatin 80 mg to reduce the LDL-C levels at the end of 1-month therapy (p=0.039, Table 2 ).
The absolute and percentage changes of lipid parameters after 4-week therapy in both groups are listed in Table 3 . Rosuvastatin 40 mg/day provided a statistically significant reduction in the absolute change of LDL-C levels (48 mg/dL vs. 63 mg/dL, p=0.039). On the other hand, when the decrease in LDL-C levels was examined in terms of percentage change, there was no statistically significant difference between the two groups (39% vs. 47%, p=0.091). Absolute and percentage changes of TG, HDL-C, and Oxidized-LDL levels were similar in both groups, and there was no statistically significant difference between groups after 4-week therapy (Table 3) .
Endocan, chemerin, and galectin-3 Endocan levels were not decreased statistically significantly with atorvastatin 80 mg, but rosuvastatin 40 mg markedly decreased the levels of endocan according to baseline [ Table 2 and Fig. 1 ]. Absolute change of endocan was −9.73 (−55.84-18.91) pg/ mL with atorvastatin 80 mg and −28.91 (−57.18-12.63) pg/mL with rosuvastatin 40 mg, and there was no statistically significant difference between groups (p=0.349, Table 3 Table 2 and Fig. 3 ]. Although there was no statistically significant difference between atorvastatin 80 mg and rosuvastatin 40 mg groups in terms of decrease in the galectin-3 levels according to baseline, there was a trend favoring the rosuvastatin arm. The absolute change of galectin-3 was 0.10 (−4.80-4.25) ng/mL with atorvastatin 80 mg and −2.25 (−7.97-1.25) ng/mL with rosuvastatin 40 mg (p=0.141, Table 3 ). The percentage change of galectin-3 was 0.88 (−19.96-28.57) % with atorvastatin 80 mg and −16.23 (−30.70-9.13) % with rosuvastatin 40 mg (p=0.071, Table 3 ). 
Discussion
Our study showed that high-dose atorvastatin (80 mg/day) and high-dose rosuvastatin (40 mg/day) had similar effects on lipid parameters in patients with AMI, except LDL-C levels. Rosuvastatin 40 mg significantly reduced LDL-C levels when compared with atorvastatin 80 mg. Rosuvastatin 40 mg seems to have more prominent effects on the levels of chemerin and galectin-3, whereas the two high-dose statin regimens have similar effects on the levels of endocan.
Comparison of effects of atorvastatin (80 mg/day) and rosuvastatin (40 mg/day) on lipid parameters Current dyslipidemia guidelines recommendation is to "initiate or continue high-dose statins early after admission in all ACS patients without contraindication regardless of initial LDL-C values" (22) . We know from previous studies that atorvastatin 80 mg and rosuvastatin 40 mg are the most potent statins (26) . One of the landmark articles about the effectiveness of high-dose statins is the TNT-Trial (27) . The TNT-Trial showed that atorvastatin 80 mg provided a significant clinical benefit beyond that provided by atorvastatin 10 mg (27) . On the other hand, in the ASTER-OID trial, rosuvastatin 40 mg resulted in significant regression of the atherosclerotic plaque burden (28) . For this reason, we chose high-dose atorvastatin and rosuvastatin for our research.
In our study, rosuvastatin 40 mg resulted in further reductions in LDL-C levels when compared with atorvastatin 80 mg. Atorvastatin 80 mg led to a 39% and rosuvastatin 40 mg led to a 47% reduction of LDL-C levels from baseline, respectively, at the end of 4 weeks. This finding is consistent with previous studies. In the LUNAR study, while the atorvastatin 80 mg provided a 42% reduction in LDL-C levels, rosuvastatin 40 mg provided a 46.8% reduction in LDL-C levels at the end of 6 weeks (29) .
The effects of atorvastatin (80 mg/day) and rosuvastatin (40 mg/day) therapy on endocan levels Endothelial dysfunction, vascular inflammation, atherosclerotic plaque formation, and the rupture of these plaques constitute the basis of the pathophysiology of AMI.
Endothelial specific molecule-1 (ESM-1), named endocan (50 kDa), is a soluble dermatan sulfate proteoglycan, secreted and expressed by human vascular endothelial cells and found to be associated with vascular smooth muscle cell proliferation and migration (6, 30) . Menon et al. (6) showed the expression of endocan in atherosclerotic plaques of apolipoprotein E null mice, fed with high-fat diet. Immunohistochemical analysis revealed that endocan is highly expressed in these plaques, and the authors hypothesized that endocan may contribute the neointimal formation process during atherosclerosis (6) .
Previous studies have shown the association between the endocan levels and CAD, AMI, newly diagnosed hypertension, and coronary ectasia (9, 10, 31, 32). Kundi et al. (10) reported that the admission of high endocan levels is an independent predictor of in-hospital mortality and an increased SYNTAX score in patients with STEMI. Xiong et al. (33) investigated the relationship between endocan levels and the presence and severity of CAD in patients with hypertension, and they found an independent correlation between endocan levels and the presence and severity of CAD.
Previous studies showed that statins have some beneficial effects independent of the LDL reduction, which are called pleiotropic effects (34) . A post-hoc analysis of the WOSCOPS study showed improved outcomes with pravastatin independent of the LDL-C reduction, and this was the first research that proposed the pleiotropic effects of statins (35) . Statins show its pleiotropic effects via various ways: anti-inflammatory, antioxidant, antineovascularization, and healing effects on endothelial functions (36) (37) (38) (39) . To the best of our knowledge, the present study is the first study that investigated and compared the effects of high-dose potent statins on the serum endocan levels. According our findings, both statins significantly reduced the serum endocan levels at the end of 4-week therapy, and these results may be another important evidence for understanding the pathophysiological mechanisms of the pleiotropic effects of statins in patients with AMI.
The effects of atorvastatin (80 mg/day) and rosuvastatin (40 mg/day) therapy on chemerin levels Chemerin is a novel adipokine that regulates adipogenesis and the adipocyte metabolism (12, 13) . It is associated with obesity, metabolic syndrome, and inflammation. Recent studies have shown the association between the increased chemerin levels and the presence and severity of CAD, ACS, and non-dipper hypertension (14) (15) (16) (17) . Aksan et al. (15) reported that the chemerin level is associated with the presence and severity of CAD in patients with metabolic syndrome. In a recent study, Xiong et al. (40) described the stimulating effects of chemerin on vascular smooth muscle cell proliferation and carotid neointimal hyperplasia. There is no study in the literature investigating and comparing the effects of statins on the levels of chemerin. To the best of our knowledge, we showed that for the first time the effects of high-dose atorvastatin and rosuvastatin on chemerin levels. According to our findings, the effect of atorvastatin 80 mg/day on chemerin levels was limited, while rosuvastatin 40 mg/day significantly reduced the serum chemerin levels at the end of 4-week therapy ( Table 2 ). However, there was no statistically significant difference between groups at the end of 1-month therapy in terms of chemerin change according to baseline in terms of absolute and percentage changes ( Table 3) . Even there is not any knowledge about the effects of statins chemerin levels, some studies have investigated the effects of statins on other adipokines, and conflicting results have emerged. Krysiak et al. (41) reported a beneficial effect of simvastatin and simvastatin plus ezetimibe combination on the some adipokines like leptin and visfatin. They showed that simvastatin and simvastatin plus ezetimibe combination decreased the levels of adipokines. On the other hand, in a meta-analysis, statin therapy failed to show favorable effects on the leptin levels (42) . Although our study is the first investi-gation that demonstrates the positive effects of rosuvastatin on the chemerin levels in patients with AMI, we think that there is a need for further large-scale studies.
The effects of atorvastatin (80 mg/day) and rosuvastatin (40 mg/day) therapy on galectin-3 levels Galectin-3 is a 26 kDa, soluble ß-galactoside-binding lectin, mainly secreted by macrophages and has effects on phagocytosis, apoptosis, cell growth/proliferation, and adhesion. Higher galectin-3 levels are associated with an increased risk for incident heart failure and mortality (21, 43) . Galectin-3 has been found to be associated with carotid intima media thickness and cardiovascular mortality (44) . Winter et al. (45) demonstrated the association between the galectin-3 levels and premature myocardial infarction, and they suggested an interaction between galectin-3 levels and plaque formation and plaque rupture. McKinnon et al. (46) showed that deletion of galectin-3 in the apolipoprotein E (−/−) knockout mice resulted in a markedly reduced volume of atherosclerotic plaques, and the authors concluded that strategies that inhibit galectin-3 may be a new approach in the treatment of atherosclerotic diseases. In a small study, 15 statin-naive patients with atherosclerosis were given atorvastatin 40 mg/day for 12 weeks, and at the end of study, galectin-3 levels decreased non-significantly (47) . But in our study, atorvastatin 80 mg/day seems to have no effects on galectin-3 levels in patients with AMI at the end of 4-week therapy.
A substudy of CORONA study showed that patients with systolic heart failure due to ischemic etiology who have galectin-3 levels lower than 19 ng/mL may benefit from rosuvastatin 10 mg treatment (48) . However, to the best of our knowledge, there is no study investigating the possible role of baseline galecin-3 levels on response to statin treatment in patients with ischemic heart disease and AMI. In our study, rosuvastatin 40 mg decreased the galectin-3 levels from 18.25 (12.82-23.82) ng/mL to 16.60 (10.60-20.15 ) ng/mL, and further studies are needed to clarify the association between the reduction of the galectin-3 levels with rosuvastatin 40 mg and long-term clinical endpoints. On the other hand, it may be another research interest whether the reduction of galectin-3 levels provided by rosuvastatin 40 mg have any contribution to the total favorable effects of rosuvastatin treatment in patients with AMI and stable CAD.
To the best of our knowledge, our investigation is the first study that assessed and compared the effects of high-dose statin therapies on galectin-3 levels in patients with AMI. Our results indicate that, although not significant, rosuvastatin 40 mg/ day seems to be more effective on galectin-3 levels when compared with atorvastatin 80 mg/day.
Study limitations
Our study has some limitations. First, relatively small differences between the two different drug groups may not have reached statistical significance due to the limited number of patients, and our study is a substudy of another investigation and carries the common disadvantages of substudies. Second, we could not show and compare the effects of these potent statins on other inflammatory markers such as hs-CRP, TNF-α, IL-1, and IL-6. Third, our study was designed to investigate and compare the effects of potent statins on endocan, chemerin, and galectin-3 at the end of the 1st month. For this reason, we do not know any information whether there are any long-term effects of statins on these biomarkers, and whether these effects are associated with hard endpoints, such as death and myocardial infarction. In addition, our study population comprised the patients with AMI, and our results cannot necessarily be applied to a general CAD population.
Conclusion
Both statins have similar favorable effects on endocan, whereas rosuvastatin 40 mg/day seems to be more effective in terms of ability to decrease chemerin and galectin-3 levels. Based on these findings, we concluded that rosuvastatin 40 mg may have better pleiotropic and metabolic effects than atorvastatin 80 mg in patients with AMI.
